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RESUMO 
 

 
O objetivo do trabalho foi quantificar, em imagens de tomografia computadorizada de 

feixe cônico (TCFC) obtidas com diferentes protocolos, os artefatos metálicos 

produzidos por implantes de titânio instalados em diferentes regiões da mandíbula. 

Os implantes foram instalados em quatro diferentes regiões (incisivo, canino, pré-

molar e molar) de um phamtom e submetidos a exames de TCFC com variação da 

posição do objeto no interior do FOV (central, anterior, posterior, direita e esquerda), 

variação do FOV (6 x 13 e 12 x 13 cm) e do tamanho do voxel (0,25 e 0,30 mm). Um 

corte axial da região cervical de cada implante foi selecionado para quantificação. 

Os testes de Kruskal-Wallis e Student-Newman-Keuls foram utilizados para 

comparação das regiões dos dentes e entre as diferentes posições do phantom 

dentro do FOV. O teste de Wilcoxom foi utilizado para comparar a variação de 

tamanho do FOV e voxel. O teste ANOVA fatorial para avaliar a interação entre as 

variáveis do estudo. A região de incisivo apresentou a maior quantidade de 

artefatos, em comparação as outras regiões (p=0,0315). Não houve diferença 

significativa na variação da posição do phantom dentro do FOV (p=0,7418). O FOV 

menor produziu mais artefatos (p<0,0001). Ao comparar as imagens produzidas com 

diferentes resoluções, o menor voxel produziu mais artefatos (p<0,0001). Os 

artefatos metálicos sofrem influência do tamanho do FOV e do voxel, além da região 

anatômica. A variação da localização do phantom no interior do FOV não alterou a 

quantidade de artefatos. 

 
 

 
PALAVRAS-CHAVES: tomografia computadorizada de feixe cônico, implante 
dentário, artefato metálico, posição, voxel, campo de visão. 
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ABSTRACT 
 
 
 
 

The objective of the present study was to quantify the metal artifacts produced by 

titanium implants installed in different regions of the mandible in cone beam computed 

tomography (CBCT) images obtained with different protocols. The implants were 

placed in four different regions (incisor, canine, premolar and molar) of a phamtom 

and subjected CBCT tests with variation of the position of the object inside the FOV 

(central, anterior, posterior, right and left); FOV variation (6 x 13 and 12 x 13 cm) and 

voxel size (0.25 and 0.30 mm). An axial section of the cervical region of each implant 

was selected for quantification. The Kruskal-Wallis and Student-Newman-Keuls tests 

were used to compare the teeth regions and between the different positions of the 

phantom within the FOV. The Wilcoxom test was used to compare changes in FOV 

and voxel size. Factorial ANOVA was used to evaluate interactions between the study 

variables. The incisor region had the highest number of artifacts, compared to other 

regions (p = 0.0315). No significant difference was found when varying the position  of 

the phantom within the FOV (p = 0.7418). The smaller FOV produced more artifacts 

(p <0.0001). Comparison of the images produced with different resolutions revealed 

that the smaller voxel produced more artifacts (p <0.0001). Metallic artifacts are 

influenced by FOV and voxel size as the anatomical region. Variation of the phantom 

location within the FOV did not affect the number of artifacts generated.  

 
 
 
 

KEYWORDS: cone beam computed tomography, dental implant, metal artifact, 
position, voxel, field of view. 
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1 INTRODUÇÃO 

 

O exame de tomografia computadorizada de feixe cônico (TCFC) é 

amplamente utilizado na Odontologia, especialmente na Implantodontia (SCHULZE 

et al., 2011., BEZERRA et al., 2015), sendo uma ferramenta útil no diagnóstico e 

planejamento do tratamento, permitindo detalhar a localização de estruturas 

anatômicas, morfologia e dimensões ósseas (DRAENERT et al., 2007; ESMAEILI et 

al., 2012; BECHARA et al., 2013;  ESMAEILI et al., 2013; KAMBUROGLU et al., 

2013; NAGARAJAPPA et al., 2015, SANCHO-PUCHADES et al., 2015). 

Por ser um exame tridimensional, a TCFC é indicada no acompanhamento 

pós-operatório de implantes dentários para monitoração da regeneração óssea, 

avaliação de possíveis perdas de osso marginal e sinais de falha na 

osseointegração (SANCHO-PUCHADES et al., 2015). Porém, em áreas com 

presença de implantes instalados ocorre a formação de artefatos metálicos, podendo 

interferir na qualidade da imagem (SCHULZE et al., 2011;  BELEDELLI e SOUZA, 

2012; NAGARAJAPPA et al., 2015; SANCHO-PUCHADES et al., 2015; DE 

AZEVEDO VAZ et al., 2016; SMEETS et al., 2017).  

Artefato de imagem é definido como qualquer distorção ou erro, visualizado 

nos dados reconstruídos, que não está presente no objeto sob investigação 

(SCHULZE et al., 2011; BELEDELLI e SOUZA, 2012; KAMBUROGLU et al., 2013; 

KUUSISTO et al., 2015; SANCHO-PUCHADES et al., 2015;). Em geral, quando um 

feixe de raios X policromático passa por um objeto, os fótons de baixa energia são 

mais absorvidos do que os fótons de alta energia, ocorrendo um aumento da energia 

média e, consequentemente, o fenômeno de endurecimento do feixe. Esse 

fenômeno é intensificado pela presença de materiais de alta densidade física, como 

os metais (BECHARA et al., 2013; JAJU et al., 2013; PANJNOUSH et al., 2016). 

Os artefatos provenientes de materiais metálicos contribuem para a não 

homogeneidade dos valores de cinza das imagens de TCFC (PAUWELS et al., 

2013; MOUDI et al., 2015), pois causam uma atenuação não linear da radiação, o 

que resulta em uma variação do valor médio de energia do feixe de raios X. Durante 

o processo de reconstrução da imagem, essa atenuação não linear pode acarretar 

em uma redução de sua qualidade (KRATZ et al., 2012), a ponto de prejudicar o 
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diagnóstico, podendo levar a interpretações falso-positivas e/ou falso-negativas 

(DRAENERT et al., 2007; SCHULZE et al., 2010; BECHARA et al., 2012; 

BELEDELLI e SOUZA, 2012;  ESMAEILI et al., 2013; JAJU et al., 2013; PAUWELS 

et al., 2013;   GAMBA et al., 2014; SANCHO-PUCHADES et al., 2015;). 

Assim sendo, os implantes dentários comumente usados na prática 

odontológica, quando presentes na região irradiada, influenciam a aquisição das 

imagens tomográficas, levando a formação de artefatos, que podem interferir na 

visualização e na avaliação do osso adjacente aos implantes, dificultando um 

acompanhamento pós-operatório da osseointegração (ESMAEILI et al., 2012; 

KRATZ et al., 2012; ESMAEILI et al., 2013; PARSA et al., 2014; SANCHO-

PUCHADES et al., 2015; VASCONCELOS et al., 2017). 

Alguns estudos sugerem ainda que a formação dos artefatos pode ser 

influenciada pela posição do objeto no interior do FOV (field of view), tamanho do 

FOV, voxel (resolução da imagem) e pelas estruturas anatômicas adjacentes 

(OLIVEIRA et al., 2013; VALIZADEH et al., 2015; QUEIROZ et al., 2017; MACHADO 

et al., 2018), porém não existe um consenso em afirmar o quanto esses fatores 

contribuem para a formação de artefatos gerados na presença de implantes 

dentários. Sendo assim, o objetivo do presente estudo é quantificar os artefatos 

metálicos produzidos por implantes dentários em imagens de TCFC obtidas com 

diferentes protocolos, a fim de que novos parâmetros de aquisição possam ser 

sugeridos, tentando minimizar a formação desses artefatos. 
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2 PROPOSIÇÃO          

  

O objetivo no presente estudo foi quantificar, em imagens de TCFC, os 

artefatos metálicos produzidos por implantes dentários, comparando: 

- A quantidade de artefatos produzidos entre as diferentes regiões dos dentes 

(incisivo, canino, pré-molar e molar); 

- A quantidade de artefatos produzidos ao variar a posição do phantom no 

interior do FOV. 

- A quantidade de artefatos produzidos com variação do FOV; 

- A quantidade de artefatos produzidos com variação do voxel. 
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3 MATERIAL E MÉTODOS 

 

3.1 DESENHO DO ESTUDO 

Trata-se de um estudo experimental analítico transversal. 

 

3.2 MATERIAL 

Foram utilizados quatro implantes dentários de titânio, no tamanho 3,75 x 13 

mm, do tipo hexágono externo (SIN, São Paulo, SP, Brasil). Esses implantes foram 

instalados em uma mandíbula desenvolvida em poliuretano e bário (Nacional Ossos, 

Jaú, SP, Brasil), que permite a obtenção de uma densidade radiográfica próxima a 

do osso mandibular. A face vestibular do phantom foi coberta com 15 mm de 

espessura de cera utilidade (Technew, Rio de Janeiro, RJ, Brasil) para simulação de 

tecido mole. 

 

3.3 MÉTODO 

Do lado direito do phantom, escolhido aleatoriamente, foram removidos os 

dentes com auxílio da broca maxicut (Wilcos, Petrópolis, RJ, Brasil) em motor de 

baixa rotação. Após a remoção dos dentes, os implantes foram instalados na 

mandíbula isoladamente, em cada uma das regiões avaliadas (incisivo, canino, pré-

molar e molar), ou seja, o phantom possuía apenas um implante instalado durante 

as aquisições.  
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Figura 1. Cortes panorâmicos de TCFC evidenciando implantes instalados na região de dentes 
A. região de incisivos; B. região de canino; C. região de pré-molares; D. região de molares.  

Fonte: O autor. 

A 

B 

C 

D 
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O phantom (mandíbula encerada com os implantes instalados) foi submetido 

a 80 aquisições de TCFC utilizando-se o tomógrafo I-Cat Next Generation (Imaging 

Sciences International, Hatfield, Pensilvânia, EUA), com 120 kV, 8 mA e 360° de 

rotação. As aquisições foram realizadas com a variação da posição do objeto no 

interior do FOV (central, anterior, posterior, direita e esquerda), com a variação do 

tamanho do FOV (6 x 13 e 12 x 13 cm) e do tamanho do voxel (0,25 e 0,30 mm). 

Assim sendo, cada implante (instalado em uma região específica) foi escaneado 20 

vezes. O Quadro 1 ilustra as variáveis do estudo. 

 

Quadro 1. Variáveis do estudo 

Região Posição FOV Voxel 

Incisivo Central Pequeno (6 x 13 cm) 0,25 mm 

Canino Anterior Grande (12 x 13 cm) 0,30 mm 

Pré-molar Posterior   

Molar Direita   

 Esquerda   
Fonte: O autor 

 

3.4 SELEÇÃO DOS CORTES TOMOGRÁFICOS 

 

Após a aquisição dos exames, imagens axiais descomprimidas, em formato 

DICOM (Digital Imaging and Communications in Medicine), foram visualizadas no 

software ImageJ (U.S. National Institutes of Health, Bethesda, Maryland, EUA) para 

seleção do corte cervical de cada implante, região mais comum de perda óssea peri-

implantar, onde foram quantificados os artefatos. O corte cervical padrão foi definido 

como aquele localizado a 3 mm da base do implante. 

 

 

3.5 QUANTIFICAÇÃO DOS ARTEFATOS METÁLICOS 

 

Para a quantificação dos artefatos metálicos também foi utilizado o software 

ImageJ (U.S. National Institutes of Health, Bethesda, Maryland, EUA). No corte 

cervical selecionado anteriormente, foi construída uma ROI (region of interest - 

região de interesse), com 10 mm de diâmetro e formato circular. Essa ROI abrangeu 

toda a região do implante além do tecido ósseo adjacente, onde o centro da ROI 
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coincidiu com o centro do implante. Para cada ROI selecionada, foram quantificados 

os artefatos presentes baseando-se na metodologia de Pauwels et al. (2013). Ainda 

no software ImageJ, por meio das ferramentas “Analyze – Histogram”, foram 

determinados os valores mínimo e máximo de tons de cinza para calcular o desvio 

padrão real (DPR). O cálculo matemático do DPR foi realizado no programa Excel, 

versão 2010 (Windows XP, Microsoft, EUA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Utilizando-se uma escala de 16 bits (65.536 valores de cinza), já que as 

imagens geradas a partir do tomógrafo utilizado nesse estudo possuem essa 

característica, foi determinado o desvio padrão teórico máximo (DPT), cujo valor é a 

metade dos valores de cinza de uma imagem de 16 bits, ou seja, 32.768. Foi 

considerado o valor de 32.768 tons de cinza, uma vez que metade dos voxels de 

uma imagem é preto e metade é branco, assim o DPT máximo deveria ser 

exatamente a metade dos valores de cinza de uma determinada imagem. 

Posteriormente o DPR foi convertido em uma porcentagem do DPT máximo, onde 

Figura 2 Corte axial cervical do implante na região de incisivo 
com o posicionamento da ROI definida no ImageJ. 

Fonte: O autor. 
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valores mais elevados indicam artefatos mais pronunciados. O cálculo foi realizado 

da seguinte forma: 

 

(DPR / DPT máximo) x 100 = quantificação de artefato 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A aquisição dos exames tomográficos, seleção dos cortes cervicais de cada 

implante, bem como a quantificação dos artefatos foi realizada por um único 

examinador, radiologista, experiente em imagens de TCFC.  

Para mensurar a reprodutibilidade do método, 20% dos exames foram 

avaliados em dois momentos distintos, com intervalo de duas semanas entre eles, 

para o cálculo da concordância intraobservador.  

 

 

 

 

 

Figura 3 Histograma do software ImageJ evidenciando os 
valores mínimo e máximo de cinza. 

Fonte: O autor. 
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3.6 TRATAMENTO ESTATÍSTICO 

 

Os dados obtidos foram analisados estatisticamente no programa Statistical 

Package for Social Sciences (SPSS, version 15.0; IBM Corp, Armonk, New York, 

EUA). O nível de significância adotado foi de 5% (p≤0,05). Os testes de Kruskal-

Wallis e Student-Newman-Keuls foram utilizados para comparação entre as regiões 

dos dentes e entre as diferentes posições do phantom dentro do FOV. O teste de 

Wilcoxom foi utilizado para comparar a variação de tamanho do FOV e voxel. O teste 

ANOVA fatorial foi usado para avaliar a interação ente as variáveis do estudo. A 

concordância intraobservador foi calculada pelo coeficiente de correlação intraclasse 

(ICC). 
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4 ARTIGO  

 

O artigo a seguir está apresentado nas normas do periódico 

Dentomaxillofacial Radiology classificado no Qualis da CAPES (Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior), na Área de Avaliação de 

Odontologia, como A1 (ANEXO A). O comprovante de submissão do artigo ao 

periódico, datado de 27 de junho de 2018, está apresentado no ANEXO B. 
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QUANTIFICATION OF METALLIC ARTIFACTS PRODUCED BY DENTAL 

IMPLANTS IN CBCT IMAGES OBTAINED USING DIFFERENT ACQUISITION 

PROTOCOLS 

 

Abstract 

Objective: To evaluate cone beam computed tomography (CBCT) images obtained 

using different protocols to quantify metallic artifacts produced by dental implants 

installed in different mandibular tooth regions. 

Materials and Methods: Titanium implants installed in four different regions (incisor, 

canine, premolar and molar) of an artificial mandible were subjected to CBCT 

examinations with the object in different positions within the field of view (FOV) 

(central, anterior, posterior, right and left) and with different FOV sizes (6 x 13 and 12 

x 13 cm) and voxel sizes (0.25 to 0.30 mm). An axial section of the cervical region of 

each implant was selected for artifact quantification. The Kruskal-Wallis and Student-

Newman-Keuls tests were used to compare the tooth regions and the different 

positions of the phantom within the FOV. The Wilcoxon test was used to compare 

changes in FOV and voxel size. Factorial ANOVA was used to evaluate interactions 

between the study variables. 

Results: The incisor region had the highest number of artifacts compared to the 

other regions (p=0.0315). No significant difference was found when varying the 

position of the phantom within the FOV (p=0.7418). The smaller FOV produced more 

artifacts (p<0.0001). Comparison of the images produced with different resolutions 

revealed that the smaller voxel produced more artifacts (p<0.0001). 
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Conclusions: Metallic artifacts are affected by FOV and voxel size as well as the 

anatomical region. Variation of the phantom location within the FOV did not affect the 

number of artifacts generated. 

 

Keywords: Cone-beam computed tomography; dental implants; artifacts; position; 

voxel; field of view. 
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Introduction 

Cone beam computed tomography (CBCT) examinations are widely used in 

dentistry, especially in implantology, and serve as a useful tool in diagnosis and 

treatment planning. They allow identification of anatomical structures, morphology, 

and bone dimensions.1-5 

As a method of three-dimensional examination, CBCT is indicated in the 

postoperative follow-up of dental implants for bone regeneration monitoring, 

evaluation of possible marginal bone loss and identification of signs of 

osseointegration failure.5 However, in regions with installed implants, metallic artifacts 

can form, which may affect image quality.4-7  

An image artifact is defined as any distortion or error observed in the 

reconstructed data that is not present in the object under investigation.3, 5, 8 In 

general, when a polychromatic X-ray beam passes through an object, more low-

energy photons are absorbed than high-energy photons, resulting in increased mean 

energy and consequently the beam hardening phenomenon. This phenomenon is 

intensified by the presence of high-physical-density materials such as metals.1, 9, 10 

Artifacts from metallic materials contribute to the inhomogeneity of gray values 

in CBCT images11, 12 because they cause nonlinear attenuation of the radiation, 

resulting in variation in the mean value of the X-ray energy beam. During image 

reconstruction, this nonlinear attenuation can result in a reduction in quality13, which 

may compromise diagnosis and lead to false-positive and/or false-negative 

interpretations.2, 5, 9, 11, 14, 15 

Dental implants commonly used in dental practice, when present in the 

irradiated region, can affect tomographic image acquisition and lead to the formation 
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of artifacts, which may interfere with viewing and evaluation of bone adjacent to the 

implant, hindering postoperative osseointegration monitoring.2, 5, 13, 16, 17 

Some studies even suggest that artifact formation can be affected by the 

object's position within the field of view (FOV), FOV size, voxel size (image 

resolution) and adjacent anatomical structures.18-21 However, no consensus is 

available regarding the extent to which these factors contribute to the formation of 

artifacts generated in the presence of dental implants. Therefore, the objective of this 

study is to quantify the metallic artifacts produced by dental implants in CBCT images 

obtained using different protocols (variations in FOV, voxel size and positioning of the 

object within the FOV) to determine new acquisition parameter suggestions and thus 

minimize the formation of these artifacts. 

 

Materials and methods 

This was a cross-sectional analytical experimental study conducted at the 

School of Dentistry, Federal University of Juiz de Fora (Universidade Federal de Juiz 

de Fora – UFJF), located in Juiz de Fora, Minas Gerais, Brazil. 

Four 3.75- x 13-mm external hexagon titanium implants were used (SIN, São 

Paulo, SP, Brazil). These implants were installed in a polyurethane and barium 

model mandible (Nacional Ossos, Jau, SP, Brazil), which provides a radiographic 

density similar to that of the mandibular bone. The buccal surface of the phantom 

was covered with 15-mm-thick utility wax (Technew, Rio de Janeiro, RJ, Brazil) for 

soft tissue simulation. 

Initially, the teeth from the phantom's right side were removed with the aid of a 

MaxiCut drill (Wilcos, Petrópolis, RJ, Brazil) at low rotation speed. After removal of 

the teeth, the implants were installed in the mandible alone in each of the evaluated 



30 

 

regions (incisor, canine, premolar and molar); that is, the phantom had only one 

implant installed during the acquisitions. 

The phantom was subjected to 80 CBCT acquisitions using an I-Cat Next 

Generation scanner (Imaging Sciences International, Hatfield, Pennsylvania, USA) at 

120 kV, 8 mA and 360° rotation. The acquisitions were performed while varying the 

object's position within the FOV (central, anterior, posterior, right and left), with 

variations in FOV size (6 x 13 and 12 x 13 cm) and voxel size (0.25 and 0.30 mm). 

Each implant (installed in a specific region) was therefore scanned 20 times. 

After acquisition of the images, uncompressed axial images in DICOM (Digital 

Imaging and Communications in Medicine) format were viewed using ImageJ 

software (U.S. National Institutes of Health, Bethesda, Maryland, USA) to select the 

cervical section of each implant, the most common region of peri-implant bone loss, 

where the artifacts were quantified. A standard cervical section was defined as the 

section located 3 mm from the base of the implant. 

 ImageJ software was also used to quantify the metallic artifacts. A region of 

interest (ROI) with a 10-mm diameter and a circular shape was constructed in the 

previously selected cervical section. This ROI covered the entire implant region as 

well as the adjacent bone tissue, where the ROI's center coincided with the center of 

the implant. The artifacts present in each selected ROI were counted based on the 

method described by Pauwels et al11. ImageJ software was also used to determine 

the minimum and maximum grayscale values required to calculate the actual 

standard deviation (ASD) using the "Analyze-Histogram" tool. The ASD was 

calculated in Excel, version 2010 (Windows XP, Microsoft, USA).  

Using a 16-bit scale (65,536 gray values) because the images generated by 

the CT scanner used in this study had this characteristic, the maximum theoretical 
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standard deviation (TSD) was calculated, the value of which is half of the gray values 

of a 16-bit image, or 32,768. The value of 32,768 shades of gray was adopted, as 

half of the voxels of an image are black and half are white; therefore, the maximum 

TSD should be exactly half of the gray values of a particular image. Subsequently, 

the ASD was converted into a percentage of the maximum TSD, where higher values 

indicate more pronounced artifacts. The calculation was performed as follows: 

 

(ASD/maximum TSD) x 100 = quantification of artifacts 

 

Tomographic examination, selection of cervical sections for each implant and 

artifact quantification were performed by a single examiner, who was a radiologist 

with experience in interpreting CBCT images.  

To measure the reproducibility of the method, 20% of the exams were 

evaluated at two different times with a two-week interval between them to calculate 

intraobserver agreement.  

The obtained data were statistically analyzed using the Statistical Package for 

Social Sciences (SPSS, version 15.0; IBM Corp, Armonk, New York, USA). The 

significance level adopted was 5% (p≤0.05). The Kruskal-Wallis and Student-

Newman-Keuls tests were used to compare the tooth regions and the different 

positions of the phantom within the FOV. The Wilcoxon test was used to compare 

changes in FOV and voxel size. Factorial ANOVA was used to evaluate interactions 

between the study variables. Intraobserver agreement was calculated using the 

intraclass correlation coefficient (ICC). 
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Results 

Excellent intraobserver reproducibility was observed for artifact quantification 

(ICC 0.9927; p<0.0001). Tables 1 and 2 show the values of the artifacts found for the 

CBCT images of dental implants installed in different regions. The images were 

obtained by varying the positions of the phantom inside the FOV and the FOV and 

voxel size. Figure 1 shows various axial slices of the implants and their respective 

artifacts. 

___________________ 

Table 1 

___________________ 

___________________ 

Table 2 

___________________ 

___________________ 

Figure 1 

___________________ 

The results show that when the number of artifacts was compared among the 

four tooth regions (incisor, canine, premolar and molar), the incisor region had the 

largest number of artifacts (Table 3). 

 

___________________ 

Table 3 

___________________ 
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When comparing the number of artifacts produced among the different 

phantom positions inside the FOV, no significant differences were found (Table 4).  

___________________ 

Table 4 

___________________ 

 

Comparison of the number of artifacts produced by implants in CBCT images 

with different FOV sizes revealed that the smaller FOV produced more artifacts 

(Table 5).  

___________________ 

Table 5 

___________________ 

 

Comparison between images produced with different resolutions revealed that 

the smaller voxel produced more artifacts (Table 6).  

___________________ 

Table 6 

___________________ 

 

Regardless of the evaluated region (incisors, canines, premolars or molars), 

the factorial ANOVA results showed no significant interactions between the position 

of the phantom within the FOV, FOV size and voxel size (p>0.05). 
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Discussion 

Cone beam computed tomography (CBCT) has become an indispensable 

diagnostic modality in dental practice, especially in the planning of dental implants.14, 

22 However, the presence of high-physical-density objects, such as titanium dental 

implants, within the field of view leads to the formation of metallic artifacts. During 

image acquisition, dental implants and other metallic objects within the FOV absorb a 

greater number of low-energy X-ray photons due to their high atomic number. This 

increases the mean energy of the X-ray beam and thereby produces an effect known 

as "beam hardening".5, 11, 14, 18, 19 

 These metallic artifacts can affect image quality and are detrimental to the 

diagnosis of pathological conditions, such as fenestrations or peri-implant 

dehiscence6, 17, reducing image accuracy.14, 16, 18, 21 

This study quantified the metallic artifacts produced in CBCT images by 

titanium dental implants and considered certain factors that contribute to variations in 

gray values, such as different anatomical regions, the object's position within the 

FOV, FOV size and voxel size.18-20 

The gray values were not uniform across the entire dental arch. When the 

number of metallic artifacts produced was compared among the various anatomical 

regions (incisor, canine, premolar and molar), a greater number of artifacts was 

observed in the incisor region, which is consistent with previous studies.18, 21 Most 

likely, variations in gray values between the different regions are due to differences in 

mandibular bone density and thickness. 18, 21 CBCT gray values are related to the 

attenuation of X-rays, which, when crossing thinner regions such as incisors, are not 

absorbed uniformly, causing higher grayscale variability.18 



35 

 

 Parameters related to the acquisition protocol of tomographic images, such as 

FOV size, also affected image quality. A greater number of metallic artifacts was 

found in the acquisitions performed with a small FOV, probably due to the number of 

anatomical structures located within and outside the FOV, which affect the gray 

values of CT images.5, 18, 21 In images with a small FOV, a greater presence of exo-

mass exists, or anatomical structures located externally to the FOV, which are not 

reconstructed during the examination and lead to increased artifact formation.14 

Katsumata et al23 also observed greater grayscale variability in images with a smaller 

FOV and found that this variation decreased in acquisitions with larger FOVs. 

However, larger FOV sizes are known to involve higher radiation doses administered 

to the patient. Therefore, exposing a patient to higher doses is not justifiable if no 

significant improvement in image quality can be achieved.24, 25 Pauwels et al11 

observed that in general, protocols with higher radiation doses do not significantly 

reduce the number of artifacts. In clinical practice, if a larger FOV size is selected 

only to reduce the number of artifacts, then the voxel size should be increased to 

compensate for the radiation dose; however, image quality is reduced as a result, 

with lower spatial resolution.20  

When comparing images produced at two different resolutions, the smaller 

voxel size was found to produce a greater number of artifacts, which differs from 

Pauwels et al's11 results in which varying the voxel size did not affect gray values. 

One possible explanation for the variation in the number of artifacts found for 

different voxel sizes may be related to image noise. Voxels of different sizes detect 

X-ray photons differently. A smaller voxel will not detect as many photons as a larger 

voxel due to a reduced signal and increased noise. In turn, larger voxels can detect 

more energy and thus improve the signal.17 
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According to the literature, metallic artifacts are also affected by the location of 

the object within the FOV.19, 24, 26 In this study, when quantifying artifacts, no 

significant differences were observed when the phantom's position within the FOV 

was changed from a central position to anterior, posterior, right and left positions. 

Valizadeh et al19 assessed the diagnosis of vertical root fractures in teeth with 

intracanal metallic pins and concluded that the central position produced the highest 

sensitivity values (better diagnosis of fractures) and that the "3 o'clock" position (right 

position) produced the highest specificity values (better diagnosis of healthy teeth).  

An alternative for minimizing metallic artifacts is the use of metallic artifact 

reduction (MAR) algorithms. Several studies have used these artifact reduction tools 

to improve the diagnosis of peri-implant bone defects or root fractures.6, 27 Although 

Bechara et al15 reported improved image quality after application of these algorithms, 

no consensus is available regarding the reliability of this tool.1, 3, 6, 11, 16, 27 

Given the aforementioned results, the metallic artifacts produced by dental 

implants are affected by varying the FOV, voxel size and anatomical region. More 

research on artifact quantification with other equipment is needed to assist in the 

development of future generations of CT scanners, better MAR algorithms and image 

processing software in a constant effort to provide better image quality and lower 

radiation doses. 

. 
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Figure Legends 

 

Fig. 1. Examples of metal artifacts in CBCT images of dental implants in axial slices.  
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Table 1. The number of artifacts (%) produced in CBCT images obtained with a 

small FOV (6 x 13 cm). 

  Position 

Voxel Region Central Anterior Posterior Right Left 

0.25 mm 

Incisor 21.08 21.61 22.89 20.68 21.77 

Canine  19.73 19.38 19.63 18.23 19.48 

Premolar 19.90 19.03 20.12 19.78 20.12 

Molar 19.70 19.12 19.37 19.17 19.53 

0.30 mm 

Incisor 16.62 17.01 17.40 16.40 16.24 

Canine  15.49 15.59 15.51 15.09 15.99 

Premolar 15.54 15.46 15.59 14.51 15.59 

Molar 15.97 15.99 15.62 15.61 15.36 
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Table 2. The number of artifacts (%) produced in CBCT images obtained with a 

large FOV (12 x 13 cm). 

  Position 

Voxel Region Central Anterior Posterior Right Left 

0.25 mm 

Incisor 20.81 20.85 20.88 19.66 19.54 

Canine  18.21 17.81 18.98 17.33 18.04 

Premolar 19.43 18.58 20.59 18.79 19.08 

Molar 18.32 18.51 18.54 17.92 19.88 

0.30 mm 

Incisor 20.61 15.45 15.70 15.73 14.26 

Canine  14.56 14.35 15.78 13.84 14.12 

Premolar 14.72 14.80 15.78 14.41 15.12 

Molar 15.27 14.93 13.59 14.46 16.29 
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Table 3. Comparison of the number of artifacts produced by metallic implants 

installed in different regions of the mandibular teeth. 

Region Mean (SD) Median P value 

Incisor 18.76 (2.64) 19.60 A 

0.0315* 
Canine 16.86 (2.03) 16.66 B 

Premolar 17.35 (2.32) 17.18 B 

Molar 17.16 (2.02) 17.10 B 

SD: standard deviation 

*Medians followed by different letters indicate a significant difference according to the Kruskal-

Wallis and Student-Newman-Keuls tests. 
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Table 4. Comparison of the number of metallic artifacts produced with different 

phantom positions within the FOV. 

Position Mean (SD) Median P Value 

Central 17.87 (2.36) 18.26 

0.7418* 

Anterior 17.40 (2.26) 17.41 

Posterior 17.87 (2.60) 17.97  

Right 16.98 (2.24) 16.86  

Left 17.53 (2.40) 17.17 

SD: standard deviation 

* No significant difference according to the Kruskal-Wallis test. 
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Table 5. Comparison of the number of metallic artifacts produced by implants in 

images obtained with different FOVs. 

FOV Mean (SD) Median P Value 

6 x 13 cm 17.92 (2.30) 17.81  
<0.0001* 

12 x 13 cm 17.14 (2.34) 17.57 

SD: standard deviation 

* Significant difference according to the Wilcoxon test.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



48 

 

Table 6. Comparison of the number of metallic artifacts produced by implants in 

images obtained with different voxel sizes. 

Voxel Mean (SD) Median P value  

0.25 mm 19.55 (1.17) 19.50 
<0.0001* 

0.30 mm 15.51 (1.16) 15.52 

SD: standard deviation 

* Significant difference according to the Wilcoxon test.  
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5   CONSIDERAÇÕES FINAIS 

 

Devido ao grande prejuízo que a presença de artefatos metálicos causa 

em imagens de TCFC, esse estudo, que quantificou os artefatos metálicos causados 

por implantes dentários de titânio, indicou que a maior quantidade de artefatos está 

relacionada à região anterior da mandíbula, menores tamanhos de FOV e voxel. É 

importante ressaltar, como limitação, que o estudo foi realizado em um phantom 

ficando claro, por tanto, que condições in vitro, não fornecem uma estimativa da 

precisão do diagnóstico real. 
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ANEXO A – Normas para publicação 
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ANEXO B – Comprovante de Submissão 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


